Introduction
The production of B-hadrons at the Large Hadron Collider (LHC) provides particular challenges and opportunities for insight into Quantum Chromodynamics (QCD), especially as a probe of the properties of the fundamental constituents of matter and their interactions in a new energy regime. Mesons and baryons containing a b quark can be seen as the hydrogen and helium atoms of QCD, therefore the measurement of their spectra plays an especially important role in understanding the strong interactions. The characteristices of b-hadrons at the LHC can also give input for tuning models and refining event generators in a new energy regime.
The most important elements of the ATLAS detector for B physics measurements are the Inner Detector (ID) tracker, the Electromagnetic Calorimeter, and the Muon Spectrometer (MS); details can be found in [1] . Dedicated B physics triggers are based on both single muons and di-muons with different thresholds and mass ranges.
2 Measurement of the B + production cross-section The observed invariant mass distribution of B ± candidates, m J/ψK ± , with transverse momentum and rapidity in the range 20 GeV < p T < 25 GeV, 0.5 < |y| < 1 (dots), compared to the binned maximum likelihood fit (solid line). The error bars represent the statistical uncertainty. Also shown are the components of the fit as described in the legend.
Several B-hadron production cross sections have been measured [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] , but the theoretical uncertainty remains up to 40% due to uncertainty in the factorization and renormalization scales of the b-quark production, and the b-quark mass m b [14] . The LHC provides an opportunity to perform more precise measurements of B-hadron production cross-sections. Also the B-hadron production cross-section measurements in pp collisions at the LHC can provide tests of QCD calculations for heavy-quark production at high center-of-mass energies and in wide transverse momentum (p T ) and rapidity (y) ranges. Figure 2 : (a) The doubly-differential cross-section for B + production as a function of p T and y, averaged over each (p T , y) interval and quoted at its center. The data points are compared to NLO predictions from POWHEG and MC@NLO. The shaded areas around the theoretical predictions reflect the uncertainty from renormalization and factorization scales and the b-quark mass. The ratio of the measured crosssection to the theoretical predictions (σ/σ N LO ) of POWHEG (b) and MC@NLO (c) in eight p T intervals in four rapidity ranges is shown. The points with error bars correspond to data with their associated uncertainties, which is the combination of the statistical and systematic uncertainty. The shaded areas around the theoretical predictions reflect the uncertainty from renormalization and factorization scales and the b-quark mass. ATLAS has measured the B + production cross-section using the decay channel B + → J/ψK + in pp collisions at √ s = 7 TeV, as a function of B + transverse momentum and rapidity [15] . The measurement uses data of integrated luminosity of 2.4 f b −1 recorded in early 2011 data |y| < 2.25 and p T up to 100 GeV. Events were selected using a di-muon trigger where both muons are required to have p T > 4 GeV and pass a loose selection requirement compatible with J/ψ meson decay into a muon pair. The B + candidates are reconstructed from a J/ψ candidate combined with a hadron track with p T > 1 GeV and required to have p T > 9 GeV, |y| < 2.3, and + production versus p T , integrated over rapidity. The solid points with error bars correspond to the differential cross-section measurement by ATLAS with total uncertainty (statistical and systematic) in the rapidity range |y| < 2.25, averaged over each p T interval and quoted at its center. For comparison, data points from CMS are also shown, for a measurement covering p T < 30 GeV and |y| < 2.4 [23] . Predictions of the FONLL calculation for b-quark production are also compared with the data, assuming a hadronization fraction f b→B + of (40.1 ± 0.8)% [24] to fix the overall scale. Also shown is the ratio of the measured cross-section to the predictions by the FONLL calculation (σ/σ F ON LL ). The upper and lower uncertainty limits on the prediction were obtained by considering scale and b-quark mass variations.
The differential cross-section for B + production is given by
where N B + is derived from the average yield of the two reconstructed charged states B + and B − in each (p T , y) interval after correcting for detector effects and acceptance. The total number of B ± events is extracted using a binned maximum likelihood fit in each (p T , y) bin (e.g. Figure 1 ). The differential cross-section is calculated in 8 p T bins and 4 y bins in the full kinematic range 9 GeV < p T < 120 GeV and |y| < 2.25 as shown in Figure 2 (a). The data points have been compared to next-to-leading order (NLO) [14, 16] predictions from POWHEG [17, 18] and MC@NLO [19, 20] . As shown in Figure 2 (b)(c), the POWHEG prediction shows good agreement with data in both cross section and shape while MC@NLO predicts a lower cross section and softer p T spectrum at low y and a harder p T spectrum in high y. The results have been compared to fixed order plus next-to-leading logarithms (FONLL) [21, 22] as well. As shown in Figure 3 , the FONLL prediction shows good agreement especially with p T < 30 GeV, and is still compatible in the high p T range even up to 100 GeV.
B c meson observation
The B ± c meson is a bound state of the two heave quarks able to form a stable state. Weak decays of the B ± c meson provide a unique probe of heavy quark dynamics that is inaccessible to bb or cc bound states. . Single and di-muon triggers with various transverse momentum have been used. Each muon candidate must have a track reconstructed in the MS combined with a track reconstructed in the ID. The di-muon selection requires a pair of oppositely charged muons with p T > 4 GeV for both in the first half year and p T > (6, 4) GeV in the second half year. Additionally they are required to pass a loose selection requirement compatible with J/ψ meson decay into a muon pair. The B c candidate is reconstructed from the J/ψ candidate combined with a hadron track with p T > 4 GeV. Unlike B + , the short B c meson lifetime means that lifetime cuts are not efficient in separating the B c signal from direct J/ψ combinations. The transverse impact parameter significance has been proven to be more efficient, and it is required to be larger than 5. The reconstructed B c candidates are required to have p T > 15 GeV and
With the full 2011 integrated luminosity of 4.3 f b −1 of data, 82±17 B c ground state mesons have been extracted using an unbinned maximum likelihood fit (Figure 4) . The B c mass returned by the fit is 6282 ± 7 MeV, which is consistent with the PDG mass [26] of 6277 ± 7 MeV. [27] [28] [29] , its lifetime still has large experimental uncertainty (2-3%), and the discrepancy between the CDF and D0 measurements is high (1.8σ). 
. Muon tracks are reconstructed in the ID and identified in the MS, with p T above 400 MeV and pseudorapidity |η| < 2.5 required. The reconstructed J/ψ candidates are selected within a mass window of 2. 
This ratio is intermediate to the recent determination by D0, R D0 = 0.864±0.052(stat) ± 0.033(syst) [33] , and the measurement by CDF, R CDF = 1.020 ± 0.030(stat) ± 0.008(syst) [32] . It agrees with heavy quark expansion calculations which predict the value of the ratio to be between 0.88 and 0.97 [34] and is compatible with the next-to-leading order QCD predictions with central values ranging between 0.86 and 0.88 (uncertainty of ± 0.05) [35] . In this measurement, a set of muon triggers designed to select events containing muon pairs or single high transverse momentum muons was used to collect the data sample. Each muon candidate must have a track reconstructed in the MS combined with a track reconstructed in the ID with p T > 4 GeV and pseudorapidity |η| < 2.3. The di-muon selection requires a pair of oppositely charged muons which are fitted to a common vertex. The di-muon candidate is also required to have p T > 12 GeV and |η| < 2.0. Υ(1S) → µµ candidates with masses in the range 9.25 < m µµ < 9.65 GeV and Υ(2S) → µµ candidates with masses in the range 9.80 < m µµ < 10.10 GeV are selected ( Figure 7 ). This asymmetric mass window for Υ(2S) candidates is chosen in order to reduce contamination from the Υ(3S) peak and continuum background contributions. A photon is combined with each Υ candidate. Converted photons reconstructed by ID tracks from e + e − pairs with a conversion vertex and unconverted photons reconstructed by electromagnetic calorimeter energy deposit are used. The converted photon candidates are required to be within |η| < 2.30 while the unconverted photon candidates are required to be within |η| < 2.37. Unconverted photons must also be outside the transition region between the barrel and endcap calorimeters, 1.37 < |η| < 1.52. Requirements of p T (µ + µ − ) > 20 GeV and p T (µ + µ − ) > 12 GeV are applied to Υ candidates with unconverted and converted photon candidates respectively. These thresholds are chosen in order to optimize signal significance in the χ b (1P, 2P ) peaks.
As shown in the mass difference m(µ + µ − γ) − m(µ + µ − ) + m P DG (Υ) distributions (Figure 8 ), in addition to the mass peaks corresponding to the decay modes of χ b (1P, 2P ) → Υ(1S, 2S), a new structure centered at mass 10.530 ± 0.005(stat.) ± 0.009(syst.) GeV is observed with a significance of more than 6σ in both of those two independent samples. This is interpreted as the χ b (3P ) state.
